The prompt emission of gamma-ray bursts remains mysterious since the mechanism is difficult to understand even though there are much more observations with the development of detection technology. But most of the gamma-ray bursts spectra show the Band shape, which consists of the low energy spectral index α, the high energy spectral index β, the peak energy E p and the normalization of the spectrum. We present a systematic analysis of the spectral properties of 36 GRBs, which were detected by the Gamma-ray Burst Monitor (GBM), simultaneously, were also observed by the Large Area Telescope (LAT) and the LAT Low Energy (LLE) detector on the F ermi satellite. We performed the detailed time-resolved spectral analysis for all of the bursts in our sample. We found that the timeresolved spectrum at peak flux can be well fitted by the empirical Band function for each burst in our sample. Moreover, the evolution patterns of α and E p have been carried for statistical analysis, and the parameter correlations have been obtained such as E p − F , α − F , and E p − α, all of them are presented by performing the detailed time-resolved spectral analysis. We also demonstrated that the two strong positive correlations α − F and E p − α for some bursts originate from a non-physical selection effects through simulation. the histogram of the maximal value of α in the detailed time-resolved spectra for each burst. Figure 2 presents those spectra with the best Band-fitting results around the peak-flux for all of our bursts. Figure 3 shows the comparison between our fitting results and the results of the GBM catalog (Gruber et al. 2014; Narayana Bhat et al. 2016 ) at peak flux. Figure 4 is the comparison between the histogram of α in the time-integrated spectra in our energy range and the BATSE energy range. Figure 5 shows the comparison between our time-integrated spectral analysis results and the corresponding results of GBM catalog (Gruber et al. 2014) . Figure 6 represents the temporal characteristics of energy flux for all bursts in our sample (the left-hand, y-axis), along with time evolution of the E p and α, both are marked with red stars in the right-hand y-axis. That is to say, Figure 6 shows the spectral evolutions for all of the bursts in our sample. The histograms of E p and α obtained by performing the detailed time-resolved spectral analysis have been shown in Figure 7 .
INTRODUCTION
As we all know, gamma-ray bursts (GRBs) are the brightest explosions in the universe. It is generally believed that they are from the magnetars or black holes resulting from the mergers of compact binaries (NS-NS or BH-NS) or the death of massive stars (Colgate 1974; Paczynski 1986; Eichler et al. 1989; Narayan et al. 1992; Woosley 1993; MacFadyen & Woosley 1999; Woosley & Bloom 2006; Kumar & Zhang 2015) . The Band function (Band et al. 1993) can fit the gamma-ray burst spectra such as the time-integrated spectra and the time-resolved spectra, which is contained four parameters, the low energy power-law index α, the high energy power-law index β, the peak energy E p and the normalized constant. It is proved that these parameters evolve with time instead of remaining constant. Many references, such as Golenetskii et al. (1983) , Norris et al. (1986) , Kargatis et al. (1994) , Bhat et al. (1994) , Ford et al. (1995) , Crider et al. (1997) , Kaneko et al. (2006) , Peng et al. (2009) in the pre-F ermi era and Lu et al. (2012) , Yu et al. (2016) , Acuner & Ryde (2018) , Li (2019) , Yu et al. (2019) in the F ermi era have shown the evolutional characteristics of α and E p in Band function (Band et al. 1993 ). There are three types for the evolution patterns of peak energy E p , (i) 'hard-to-soft' trend, the value of E p is decreasing monotonically (Norris et al. 1986; Bhat et al. 1994; Band 1997 ); (ii) those varing with flux, i.e., E p will be increasing/decreasing since the flux is increasing/decreasing, named 'flux-tracking' trend (Golenetskii et al. 1983; Ryde & Svensson 1999) ; (iii) 'soft-to-hard' trend or chaotic evolutions (Laros et al. 1985; Kargatis et al. 1994) . Recently, Lu et al. (2012) and Yu et al. (2019) pointed out that the first two patterns are dominated. For the evolution of the low energy photon index α, it does not show a strong general trend compared with E p although it evolves with time instead of remaining constant. However, the physical origin of the evolution patterns in E p and α is not very clear. On the other hand, the analysis of a large sample of LLE GRBs for the parameters evolution and the parameter correlations is lacking, except for the single burst analysis, such as GRB 131231A in Li et al. (2019) which is a single-pulse burst, and GRB 180720B in Duan & Wang (2019) which is a multi-peaked burst in the prompt light curve.
Furthermore, the launch of the Fermi Space Gamma-ray Telescope (F ermi) in 2008 (Atwood et al. 2009 ) makes it possible to detect GRBs in a broad energy band both in the prompt emission and the afterglow phase. F ermi satellite consists of the Gamma-ray Burst Monitor (GBM) and the Large Area Telescope (LAT) with the LAT Low Energy (LLE) detector. The GBM consists of 12 NaI detectors (8 to 900 keV) and 2 BGO (200 keV to 40 MeV) detectors. Obviously, the energy range in GBM detection is from 8 keV to 40 MeV. The LAT can detect the photons with the energy range from 100 MeV to 300 GeV. Moreover, the LLE can collect those lower energy gamma-ray photons down to 10 MeV. About 2000 GRBs detected by F ermi in the last ten years while the fewer of them were detected by F ermi-LAT, which is the number with a value of more than one hundred. In addition, the GRBs with the detection of LLE are less than one hundred according to the available data at the Fermi Science Support Center (FSSC). 1 Ajello et al. (2019) gives that only 74 GRBs co-detected by the GBM and LAT (include LAT-LLE). We called them LLE GRBs. The photons cover 8 orders of magnitude in the energy range for LLE bursts.
In this work, after performing the detailed time-resolved spectral analysis of the bright gamma-ray bursts with the detection of F ermi-LLE in the prompt phase, we present the time-resolved spectra around their peak flux, which they all can be fitted well by the Band function. Then we give the evolution patterns of the peak energy E p and low energy spectral index α. The parameter correlations will also be presented in our analysis such as E p − F , α − F , and E p − α. Besides, we will make statistical analysis for whether the low energy power-law indices α exceed the synchrotron limit (α = − 2 3 ) given by Preece et al. (1998) in these slices. We will perform a simulation to identify whether the two strong positive correlations α − F and E p − α for some bursts are intrinsic or artificial.
SAMPLE SELECTION AND METHOD
Up to now, more than one hundred bursts have been co-detected by the F ermi/GBM and LAT. But only 74 GRBs (Ajello et al. 2019) were also detected by LLE which can collect those lower energy gamma-ray photons down to 10 MeV in all of these bursts if there is no omission in our collection. This work makes use of all available LLE bursts observed until 20 July 2018. We remove a pure black body burst GRB 090902B, three extremely bright bursts (GRBs 080916C, 130427A and 160625B) and 2 long bursts that have been studied in Li et al. (2019) (GRB 131231A) and Duan & Wang (2019) (GRB 180720B) in detail. These two long bursts are originated from synchrotron emission in the prompt phase.
We download data from the FSSC described as above. To complete this study, we take RMFIT as the tool of making the time-resolved spectral analysis. We perform the detailed time-resolved spectral analysis by using the TTE event data files of two NaI detectors and the corresponding BGO detector(s) on F ermi/GBM, but the use of LAT and LLE data was abandoned because of their lower impact for peak energy E p and low energy spectral index α. The background photon counts were estimated by fitting the light curve before and after the operated burst with a one-order background polynomial model. We selected all of the prompt phase as the source. We take the signal-to-noise ratio (S/N) as 40 in all of the slices for each burst and they all can be well fitted by the Band function (Band et al. 1993) . To show the spectral evolution, the sample in our analysis includes only those bursts which at least five time-resolved spectra can be produced from the data. Based on this, 32 GRBs have been excluded due to the insufficiency of the number of time-resolved spectra. Finally, we get a sample of 36 GRBs by filtering described as above. The reduced χ 2 has been taken into measuring the goodness-of-fit. The χ 2 /dof is typically in the range of 0.75-1.5 in each slice.
In our work, we present the Band-fitting spectra for all of the bursts around their peak flux firstly. For the evolution patterns of α and E p , then, we will identify them as 'hard-to-soft' (h.t.s.), 'soft-to-hard' (s.t.h.), 'intensity-tracking' (i.t.), 'rough-tracking' (r.t.), 'anti-tracking' (a.t.), and 'no' which means that it evolves without rule. It is notable that all '-tracking' patterns based on the evolution of energy flux. Finally, the statistical analysis of the linear dependence 3.1. Band-fitting Results at Peak Flux for All of the Bursts
We have extracted the maximal value of α after performing the detailed time-resolved spectral analysis for each burst (Figure 1 ). The fact that most of them (77.8%) in our sample are larger than the synchrotron limit which is the value of − 2 3 is amazing. Historically, one thought that the fitted spectrum can't be produced by synchrotron emission when the spectral slope α ≥ − 2 3 . However, the recent study in Burgess et al. (2019) showed that the synchrotron model can fit most of the bursts with Band α parameter harder than the line-of-death limit. Additionally, Lundman et al. (2013) pointed out that some structured jet photosphere models can also account for slopes softer than − 2 3 even though in the majority of the cases it is not easy to do so (Deng & Zhang 2014) . Burgess et al. (2014) illustrated that the Band function can't be representative of a non-thermal synchrotron emission component because of the blackbody component will be more significant when a physical synchrotron model was used to perform the spectral fitting analysis instead of the Band function. Based on the above, it seems difficult to identify whether they originated from the synchrotron emission or photosphere model. As well as, it is difficult to address the question whether the thermal component was detected in each burst. Maybe, the spectral information at peak flux is representative among all the time-resolved spectra. In this section, we present the spectra with the best Band-fitting results at peak flux for all of our bursts in Figure 2 . Correspondingly, the GRB name, the fitting interval, as well as, the fitting results such as α, β, E p , and the reduced χ 2 were listed in Table 1 . Undoubtedly, a single Band function is enough to perform the spectral fitting for every burst from those fitting lines in Figure 2 even though there are papers argued that the blackbody component was detected in some bursts such as GRB 100724B (Guiriec et al. 2011) , GRB 110721A (Axelsson et al. 2012; Zhang et al. 2012 ) and so on. Additionally, we found that the maximal value of the low energy spectral index α max in the time-resolved spectra is equal to the value of α around the peak flux for 7 GRBs (GRBs 080825C, 101014A, 130821A, 131108A, 140102A, 150510A, 160816A) due to the value of α is maximal while the peak flux is emerging. For the rest of the bursts, the maximal value of α is larger than the value of α at peak flux. Especially, the two values are greatly different for 7 GRBs (GRBs 090626A, 100826A, 141028A, 150627A, 170115B, 170808B, 171210A), the α max is much larger than the value of α at peak flux for them.
Since we used RMFIT to fit the GRB spectra, we also compared the results in our sample with those published in the F ermi GRB spectral catalogs such as Gruber et al. (2014) and Narayana Bhat et al. (2016) . In Figure 3 , the distributions of the low energy spectral indices, high energy spectral indices, peak energy E p , energy flux, photon flux, and energy fluence obtained from our time-resolved spectral fits at peak flux are shown in red dash-dot-dot lines. Meanwhile, the blue short dash-dot lines show the corresponding distributions in Gruber et al. (2014) or Narayana Figure 1 . The histogram of the maximal value of α in the detailed time-resolved spectra for each burst. The blue short dash line indicates the synchrotron limit (− 2 3 ). 77.8% of the bursts have an αmax which is larger than the synchrotron limit in our sample of bursts. Bhat et al. (2016) . The BEST sample that was fitted by the Band function (in short, the BEST-Band sample) in Gruber et al. (2014) was used for comparison. The energy flux, photon flux, and energy fluence are in the energy range from 10 keV to 1 MeV. The values of α are in the interval from -1 to 0 both for the two distributions although they have different distribution structures and peaks, which peak around −0.7 ± 0.1 (LLE bursts) and −0.5 ± 0.1 (BEST-Band sample), respectively. For the β distribution, from -2.8 to -1.8, they are in 75% (LLE bursts) and 92% (BEST-Band sample), respectively. It is obvious that the peak energies have a median value of around 500 keV (LLE sample) and 200 keV (BEST-Band sample), respectively. Especially, 55.6% of the LLE bursts have an E p value which is larger than 400 keV, and only 12% of the BEST-Band bursts have an E p with the value of > 400 keV. The energy flux values are larger than 1 × 10 −6 erg cm −2 s −1 both for the LLE sample and BEST-Band sample. 94.4% of the LLE bursts and 92% of the BEST-Band bursts are in the interval from 1 × 10 −6 erg cm −2 s −1 to 2.5 × 10 −5 erg cm −2 s −1 . For the distributions of photon flux and energy fluence, all of the bursts in Narayana Bhat et al. (2016) (1405 GRBs) have been selected (see the two bottom panels in Figure 3 ). The distribution of photon flux covers an interval from 0.8 to 1000 photons cm −2 s −1 based on these 1405 GRBs. However, our sample only covers the interval from 10 to 100 photons cm −2 s −1 . Similarly, our bursts cover just two orders of magnitude although these 1405 GRBs cover six orders of magnitude in the distributions of the energy fluence.
Evolution Patterns of E p and α
In this section, we give the spectral analysis results which include the time-integrated spectral results and the timeresolved spectral results. Table 2 shows the results of the time-integrated spectral fits for all samples. Table 3 shows all pieces of information in the time-resolved spectral analysis. Figure 4 is the comparison between the histogram of α in the time-integrated spectra in our energy range and the BATSE energy range. Figure 5 shows the comparison between our results and the results of GBM catalog. Figure 6 shows the spectral evolutions for all of the bursts in our Figure 2 . The spectra with the best Band-fitting results around the peak-flux for all of the bursts in our sample. The first one is consistent with GRB 080825C, the last one is consistent with GRB 180305A. All of them are consistent with the results in Table 1 from GRB 080825C to GRB 180305A. 
The Time-integrated Spectral Results
The time-integrated spectra reflect the overall emission properties but do not exhibit any spectral evolution. Table  2 shows the results of the time-integrated spectral fits for all samples. Listed in this Table are the 36 GRBs in our sample which satisfy our criteria in this study (Col.1), the redshift of them (Col.2), the duration interval of T 90 (Col.3), the integrated range in our analysis (Col.4), the low energy photon index α in the time-integrated analysis (Col.5), the high energy photon index β in the time-integrated analysis (Col.6), the peak energy in the time-integrated analysis (Col.7) and the reduced χ 2 (Col.8).
There are 11 GRBs with known redshift. The duration values of T 90 for most of them in our sample seem to be from 20 s to 100 s. As we all know, the typical values of the low energy photon index α and peak energy E p are ∼ −1.0 and ∼ 300 keV, respectively, for the time-integrated spectra based on the statistical study such as Preece et al. (2000) , Kaneko et al. (2006) , ), Goldstein et al. (2012 , and Geng & Huang (2013) . While the typical value of α in our sample is ∼ −0.9 obtained from Table 2 , which is larger than the statistical study of a large sample of GRBs, but the E p is similar to the previous statistics. It is curious that the typical α value for the LLE bright bursts in our sample is different from the BATSE bright bursts (Preece et al. 2000) . To explore the possible cause of the discrepancy, we limit the F ermi spectral fitting only to the BATSE energy range, but we do not get a similar typical α value as Preece et al. (2000) . Whereas, we found that this typical value would be smaller than the situation when we select fewer bursts as the sample in our study. So, we guess that the two typical α values for LLE bright bursts and BATSE bright bursts would be similar if we have enough bursts in the study. Besides, four time-integrated values of α, in GRB 080825C (∼ −0.6197), GRB 130502B (∼ −0.6279), GRB 141028A (∼ −0.6429), and GRB 180305A (∼ −0.3126), violate the synchrotron limit. Similarly, we also compared our results with Gruber et al. (2014) . In Figure 5 , the distributions of the low energy spectral indices, high energy spectral indices, peak energy E p , energy flux, photon flux, and energy fluence obtained from our time-integrated spectral fits during the whole interval are shown in red dash-dot-dot lines. Meanwhile, the blue short dash-dot lines show the corresponding distributions for the BEST-Band sample in Gruber et al. (2014) . The energy flux, photon flux, and energy fluence are in the interval from 10 keV to 1 MeV. The overall distribution of α is similar to that found in the BEST-Band sample, in which the typical value is ∼ −0.9 both for them. In the distribution of β, they are different because of their different distribution structures and peaks. However, they are both concentrated in the interval from -2.6 to -1.6 although the β values in our bursts are generally smaller. Ackermann et al. (2012) pointed out that the inclusion of F ermi/LAT upper limits in the fitting process can make β steeper. Maybe the reason why our β values are generally smaller is that the LAT detector observed these bursts. On the contrary, the rest of 4 parameters, peak energy, energy flux, photon flux, and energy fluence, are generally larger than the BEST-Band bursts. For most of the LLE bursts, the E p is larger than 150 keV. But, it is smaller than 150 keV for most of the BEST-Band sample. 66.7% of the BEST-Band bursts have an energy flux value which is smaller than 1 × 10 −6 erg cm −2 s −1 . While 83.3% of our bursts have a value which is larger than 1 × 10 −6 erg cm −2 s −1 . The two distributions of the photon flux both generally peak around 4-6.5 photon cm −2 s −1 . Besides, 61.7% of the BEST-Band bursts have a photon flux value which is smaller than 6.5 photon cm −2 s −1 while 63.9% of the LLE bursts have a value which is larger than 6.5 photon cm −2 s −1 . More than half of the BEST-Band bursts have an energy fluence with the value of < 2.5 × 10 −5 erg cm −2 , but all of the LLE bursts have an energy fluence with the value of > 2.5 × 10 −5 erg cm −2 except for GRB 140102A. Meanwhile, 15 GRBs show an energy fluence with the value of > 1 × 10 −4 erg cm −2 for the LLE sample, but only 8 GRBs show this value for the BEST-Band sample.
The Time-resolved Spectral Results
We present the results of time-resolved spectral analysis and the evolution patterns of E p and α in this section. The fitting results of the parameter correlations and the spectral evolutions of E p and α have been shown in Table  3 . Listed in this Table are the 36 GRBs in our sample which satisfy our criteria in this study (Col.1), the detectors used (Col.2), the number of the time slice (Col.3), the Pearson's correlation coefficient r in the E p − F correlation (Col.4), the Pearson's correlation coefficient r in the α − F correlation (Col.5), the Pearson's correlation coefficient r in the E p − α correlation (Col.6), the spectral evolution patterns of E p and α (Col.7), whether the values of α in the time-resolved spectral analysis are larger than the synchrotron limit (− 2 3 ) or not (Col.8), the Pearson's correlation coefficient r in the α − F correlation obtained from the simulation (Col.9), the Pearson's correlation coefficient r in the E p − α correlation obtained from the simulation (Col.10). Figure 6 shows the spectral evolutions for all the LLE bursts. The histograms of E p and α obtained by performing the detailed time-resolved spectral analysis have been shown in Figure 7 .
As described above, there are three types for the evolution patterns of peak energy E p : (i) 'hard-to-soft' trend; (ii) 'flux-tracking' trend; (iii) 'soft-to-hard' trend or chaotic evolutions. The recent study pointed out that the first two patterns are dominated. A good fraction of GRBs follow 'hard-to-soft' trend (about two-thirds), the rest should be the 'flux-tracking' pattern (about one-third). While the low energy photon index α does not show a strong general trend compared with E p although it also evolves with time instead of remaining constant. All of these results can be contributed to the statistical study for the large sample of bursts in the previous literatures. Our study may give birth to different and new progress in the field of the F ermi-LLE gamma-ray bursts. We investigate Figure 6 in detail and identify the evolution patterns of E p and α as six categories. In fact, five groups are enough to depict the evolution pattern of E p , 6 GRBs exhibit the 'hard-to-soft' pattern; 2 GRBs undergo the transition from 'soft-to-hard' to 'hard-to-soft' (GRBs 131108A and 150510A); 5 GRBs show the 'intensity-tracking' (compared with flux); 22 GRBs, a good fraction of those samples exhibit the 'rough-tracking' (compared with flux) behavior; the other two, GRBs 150314A, 170510A, exhibit the chaotic evolutions. It is noticeable that, GRB 171210A, a special burst, shows the rough 'flux-tracking' pattern with the superposition of 'hard-to-soft' evolution. It is obvious that the 'flux-tracking' pattern is very popular for most of the bursts, the total number include 'intensity-tracking' and 'rough-tracking' is 27, which means that 75 percent of these bursts follow the 'flux-tracking' pattern. For the evolution of α, it consists of 'hard-to-soft' pattern, 'soft-to-hard' to 'hard-to-soft' pattern, 'intensity-tracking' pattern, 'roughtracking' pattern, 'anti-tracking' pattern, 'rough-tracking' combined with 'hard-to-soft' pattern, and chaotic evolution pattern (all '-tracking' patterns based on the evolution of energy flux). 3 GRBs exhibit the 'hard-to-soft' pattern; 1 GRB undergoes the transition from 'soft-to-hard' to 'hard-to-soft' (GRB 110721A); 2 GRBs show 'intensity-tracking' pattern; most of the bursts, 26 GRBs exhibit 'rough-tracking'; 3 GRBs exhibit the chaotic evolution; the rest two GRBs, GRBs 150202B, 170115B, exhibit the 'anti-tracking' pattern. Similarly, we found that GRB 150510A shows the 'rough-tracking' pattern combined with 'hard-to-soft' pattern. All of these evolution patterns have been summarised in Table 3 , one can obtain the specific evolution pattern of E p and α for each burst from this table.
In addition, from Figure 7 which has presented the histograms of E p and α obtained by performing the detailed time-resolved spectral analysis, the typical value is consistent with the statistical study of a large sample in the previous literatures both for E p (∼ 300 keV) and α (∼ -0.8) in all 712 spectra. But such a value of α is inapplicable for some bursts such as GRBs 080825C, 141028A, 170115B and 180305A, which the values of α for all slices are larger than the synchrotron limit (-2 3 ). Especially, GRB 170115B is different from the other three bursts because the value of α (∼ −0.8) in the time-integrated spectrum is smaller than the synchrotron limit while the values in all the time-resolved spectra are larger than − 2 3 . However, for the other three bursts, the value of α is larger than the limit both for the time-integrated spectrum and each time-resolved spectrum. On the other hand, its evolution violates most of the bursts, which exhibits the 'anti-tracking' behavior compared with energy flux, i.e., it is decreasing/increasing when the energy flux is increasing/decreasing. From Table 3 , one can also find that only 9 GRBs can be classified as the kind that all of the values of α in the detailed time-resolved spectra do not exceed the synchrotron limit. The values of α for the rest of 23 GRBs in their detailed time-resolved spectra consist of the fraction that is larger than − 2 3 and the fraction that does not exceed the synchrotron limit.
Parameter Correlations
The parameter correlations may play an important role in revealing the nature of the prompt emission for gamma-ray bursts. In this section, the correlations such as E p − F , α − F , and E p − α obtained from the time-resolved spectra are shown in Figure 8 for all of the bursts in our sample. The fitting results of the parameter correlations (Pearson's correlation coefficient) have been shown in Table 3 (Col.4, Col.5, Col.6) as described in 3.2.2. Figure 9 , the histograms of Pearson's correlation coefficient from the fitting results of parameter correlations such as E p − F , α − F , and E p − α have been shown on it.
In our analysis, we investigate Figure 8 in detail, then give the fitting results of the parameter correlations (Pearson's correlation coefficients) in Table 3 . Finally, the histograms of Pearson's correlation coefficient from the fitting results of all three parameter correlations were presented in Figure 9 . Those previous analyses such as Borgonovo & Ryde (2001) , Firmani et al. (2009 ), Ghirlanda et al. (2010 , and Yu et al. (2019) have pointed out that, the E p − F relation (Golenetskii et al. 1983 ), i.e., the relation between the peak energy E p and energy flux F , exhibit three main types: (i) a non-monotonic relation (containing the positive and negative power-law segments while the break occurs at the peak flux); (ii) a monotonic relation which can be described by a single power-law; (iii) no clear trend. For all of our bursts, the most common behavior (in 25 pulses) has a relation described by a single power-law which means that they have a strong positive relation. Of these, 13 GRBs have a very strong positive relation (r ∈ (0.8, 1.0), see Table 3 and Figure 9 ), another 12 GRBs have a strong positive relation (r ∈ (0.6, 0.8), also see Table 3 and Figure 9 ). The rest of 11 GRBs have a positive correlation which is not strong or very strong, but the moderate correlation emerged in 8 GRBs, the last three show a weak correlation (GRBs 150314A, 170214A, 170510A) . In a word, 69.4% of these bursts show a strong positive correlation and 30.6% of these bursts show a weaker positive correlation compared with the former. However, these results are inconsistent with the study of 38 single pulses in Yu et al. (2019) , which shows that 23 single pulses exhibit the non-monotonic relation and 13 pulses exhibit the monotonic relation (the two common behavior in their study). Turning over to the α−F relation. The study of a large sample of single pulses in Yu et al. (2019) shows a monotonic positive linear relation in the log-linear plots. In the study, the majority of the pulses show a strong positive relation (28 pulses), 8 pulses have a very strong positive relation, and only 2 pulses have a weak correlation. However, the results of our study present at least 6 types of monotonic linear relation in the log-linear plots. The strong positive correlation is most popular, 23 GRBs show this correlation (r ∈ (0.6, 1.0)). Of these, 10 GRBs exhibit a very strong positive correlation which means that the Pearson's correlation coefficient is larger than 0.8. Furthermore, 3 GRBs show a moderate positive correlation (r ∈ (0.4, 0.6)). 3 GRBs have a weaker positive correlation (r ∈ (0.2, 0.4)). 3 GRBs have no correlation between α and F. The rest four GRBs are different from them in α − F correlation. Especially, GRB 170115B shows a very strong negative correlation in this relation. Finally, the E p − α correlation differs clearly from the first two relations. Only 5 GRBs have a strong positive relation. Of these bursts, 2 GRBs have a very strong positive relation, 3 GRBs have a general strong positive relation. Besides, 4 GRBs have a moderate positive relation and 9 GRBs have a weaker positive relation. 15 GRBs have no correlation between E p and α. Moreover, one can find that two bursts have a strong negative correlation (GRB 150202B, 170115B). Especially, GRB 150202B has a general strong negative correlation while GRB 170115B has a very strong negative correlation with the value of r = −0.97. The last one (GRB 171210A) shows a moderate negative correlation.
It is noteworthy that there are two peculiar bursts, GRBs 150202B and 170115B, which have an 'anti-tracking' behavior compared with energy flux for the low energy photon index α. The negative correlation exhibits both for their parameter correlations such as α − F and E p − α correlations. The Pearson's correlation coefficient of α − F is -0.48 for GRB 150202B, which means that it is a moderate negative correlation, and a strong negative correlation (r=-0.69) has been shown in E p − α correlation for this burst. Surprisingly, a very strong negative correlation has been exhibited both for α − F (r=-0.95) and E p − α (r=-0.97) correlations for GRB 170115B. Additionally, the fact that the value of α in the time-integrated spectrum is smaller than the synchrotron limit while the values of α for all of the slices in the time-resolved spectra violate the limit for GRB 170115B can be found.
Whether the Two Observed Strong Positive Correlations Are Intrinsic or Artificial
As said in Section 3.3, we found that there are 23 GRBs show a strong positive correlation in α − F relation in our analysis. Also, five of these 23 GRBs have a strong positive correlation in E p − α. However, a physical mechanism (either synchrotron or photosphere emission) predicts a low-energy spectral index independent of the flux of the burst. 170510A Flux(erg/cm 2 /s) ( 10 -7 ) Figure 10 . The α − F correlation from the simulation for 23 GRBs which exhibit a strong positive correlation in α − F correlation. The red solid line represents the best-linear-fitting result for each burst.
On the other hand, Kaneko et al. (2006) pointed out that a strong anticorrelation was found between the peak energy E p and low energy spectral index α both for Band and COMP fits regardless of signal-to-noise ratio or the values of other parameters. In consideration of the differences between our results and the previous study, we performed a simulation to identify whether the two observed strong positive correlations are intrinsic or artificial. We performed the simulation analysis with the RMFIT package as a tool. We take the 23 GRBs which exhibit a strong positive correlation in α − F relation (5 GRBs also show a strong positive correlation in E p − α relation among them) as a template to perform the simulations. The simulation procedure is as follows: Figure 11 . The Ep − α correlation from the simulation for 23 GRBs which exhibit a strong positive correlation in α − F correlation. The red solid line represents the best-linear-fitting result for each burst.
1. Extract the TTE data of the two brightest NaI and the corresponding BGO detectors of those GRBs (23 GRBs, see Figure 10 and Figure 11 ). We use the Band model with fixed input values of E p , α, β, and the normalization of the spectrum, which they are from the best Band-fitting parameters in the time-integrated spectrum for each burst, to produce an intrinsic spectrum.
2. Import the extracted data into RMFIT.
